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INTRODUCTION
The fine structure of a "new" cytoplasmic inclu-
sion in sympathetic neurons of adult rats has
recently been described (2) . This inclusion was
called a nematosome ("threadlike") and con-
sisted of a convoluted network of electron-opaque
strands embedded in a less dense matrix : it
averaged 0.9 u in diameter. Morphological simi-
larities between nematosomes, nucleoli, and
synaptic material led to the suggestion that a
nematosome might be an intermediary in the
transfer of nuclear-derived substance to the sub-
synaptic specializations occurring beneath the
neuronal membrane (2). The present communi-
cation describes the presence of a morphologically
similar inclusion in the cell bodies of sensory
neurons of the rat trigeminal ganglion . This in-
clusion will also be referred to as a nematosome.
The observations were made on tissue examined in
the electron microscope during the course of
studies of light and dark trigeminal neurons (6)
and studies of the importance of fixative osmolality
in preserving neuronal fine structure (7) .
MATERIALS AND METHODS
Trigeminal ganglia from 150-300 g rats were ob-
tained after fixation by aldehyde perfusion using the
procedure described by Palay et al. (5) ; the fixative
was delivered by an apparatus incorporating a pump
and flowmeter at a rate of 40 ml/min for the first 3
min and 15 ml/min for the remaining period of
time (usually 2 hr) (8). Total fixation times ranged
from 2-24 hr and the fixatives used included : (a) a
mixture of 1 % formaldehyde (prepared from para-
formaldehyde) and 2% glutaraldehyde (Fisher
Biological Grade, Fisher Scientific Company, Pitts-
burgh, Pa.) in 0.08 M cacodylate buffer at pH 7 .4,
containing 0.2% calcium chloride. This was derived
from the mixture described by Karnovsky (4) ; (b)
4% paraformaldehyde in 0 .1 M phosphate buffer,
pH 7.2 ; (c) 3% glutarldehyde in 0 .1 M phosphate
buffer, pH 7.2 ; (d) 37 0 glutaraldehyde in 0.1 M
phosphate buffer containing 9 .2% sucrose, pH 7.2.
After completion of aldehyde fixation, the gan-
glia were carefully cut into small pieces, washed in
the same buffer as used for the primary fixative,
and immersed in similarly buffered 17 0 osmium
tetroxide solution for 1 hr, before dehydrating and
embedding in Durcupan (Fluka AG, Basel, Switzer-
land) . Sections were cut with diamond knives on
either a Sorvall MT2 ultramicrotome or on an
LKB Ultrotome III . Sections mounted directly on
grids were stained with lead citrate (13) and with
uranyl acetate (11) and examined in an RCA
EMU4 electron microscope or an AEI 801 electron
microscope.
RESULTS AND DISCUSSION
The bodies identified as nematosomes were
observed in ganglia prepared by each fixative .
As the tissue was being examined primarily
for other purposes the numbers of nematosomes in
proportion to the numbers of neurons were not
subjected to statistical determination . However
the frequency of observation seemed compatible
with the view that at least one nematosome
could be present in each neuron . The inclusions
were morphologically similar to those described
by Grillo (2) and this similarity forms the basis for
their identification. In the sympathetic ganglion
FIGURE 1 Two nematosomes (N) in cytoplasm of
trigeminal neuron. X 7000.
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usually the case in the trigeminal neurons .
However, occasionally two were present (Fig . I) .
They usually appeared as small circular aggrega-
tions of dense material (-1 µ in diameter) (Fig. 1),
but occasionally elongated forms (-4 µ in length)
were found (Fig. 2) . The possibility exists that the
circular profiles represent sections through a
curved elongated body. However, as circular
profiles were much more frequent, a spherical
shape seems to be the more usual form. The
nematosome was not membrane bounded and
consisted of many coarse strands, -400 A thick,
each of which was made up of a finely filamentous
material (Fig. 3) . Depending on the plane of
section, the coarse strands had varying lengths
from 0.1 µ to 4 µ, and possessed a central electron-
opaque core. The strands were embedded in a
matrix which showed evidence of a finely fibrillar
character but did not differ markedly from the rest
of the neuronal cytoplasm. This was probably due
to the initial fixation in aldehyde followed by
osmium tetroxide. The material possessed a
FIGURE 2 Elongated nematosome . X 28,000.
FIGURE 3 Higher magnification of nematosome : asso-
ciation with cytoplasmic organelles. X 40,000.
greater density in the sympathetic neuron when
fixed in osmium tetroxide alone (2) .
The nematosomes tended to occur near the
periphery of the trigeminal neurons . They were
observed only in the larger, light nerve cell bodies
of the trigeminal ganglion ; they were not seen in
the smaller, dark nerve cells, in satellite cells, or
in the neuronal processes. The apparent absence
from the dark neurons of the ganglion may not be
significant. These cells are less numerous and
have a more homogeneous compact cytoplasm
(9) thus making the nematosome less readily
detected, if present within their cytoplasm . More
extensive searches might reveal its presence
within the small dark cell. Although some have
claimed that the dark cells may be fixation arti-
facts (12) evidence has been presented elsewhere
that this is not the case (9) .
The nematosomes showed frequent, but appar-
ently random, associations with many cellular
organelles such as neurofilaments, rough and
smooth endoplasmic reticulum, and mito-
chondria. Examination of the cytoplasm of many
nerve cell bodies did not reveal the presence of
structures that might be considered derivatives
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719FIGURE 4 Paranucleolar body (P). N, nucleolus.
Trigeminal neuron . X 40,000.
FIGURE 5 Accessory body of Cajal from nucleus of
trigeminal neuron. X 40,000.
or precursors. However, some support was pro-
vided to the view that nematosomes may be
derived from material of nucleolar origin (2) .
Bodies somewhat similar to nematosomes were
found within the nuclei of the trigeminal neurons .
The paranucleolar body (Fig. 4) and the ac-
cessory body of Cajal (Fig. 5) bore some resem-
blance to the nematosome in size, shape, and
general appearance . These two nuclear inclusions
differed from the nematosome in that their con-
stituent strands were present only as very short
lengths in the plane of section and presented a
granular rather than a fiber-like appearance .
They were identified on the basis of the descrip-
tions provided by Hardin et al. (3), who demon-
strated that in the rat trigeminal ganglion the
accessory body may be derived from the nucleolus
via the paranucleolar body. However these
investigators did not consider the accessory body
to be transported to the cytoplasm as it was never
observed in contact with the nuclear membrane .
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CONCLUSIONS
When originally describing the nematosome in
the sympathetic neurons of the rat, Grillo (2)
commented on the need for additional information
concerning the distribution of nematosomes and
their occurrence in other neurons whose synapses
do and do not have a subsynaptic formation . The
presence of nematosomes in trigeminal neurons is
significant because synaptic contacts have never
been observed on these cells during the course of
numerous investigations (1, 6, 7, 9, 12) . Thus
subsynaptic specializations in the cell body have
not been found and are unlikely to occur. The
latter qualification is imposed by the sampling
problems inherent in electron microscopy . How-
ever it is clear, at least, that any such specializa-
tions occur much less frequently than does the
nematosome. Thus it seems unlikely that the
nematosome represents subsynaptic material en
route between nucleus and synapse as originally
suggested (2) .
Other situations in which bodies resembling
nematosomes have been found are in a neuron of
the cerebral hemisphere of the adult toad'
and as structures designated "glomerular" bodies
in the syncytial trophoblast of the mouse and rat
placenta (14) . The significance of their presence
in the latter situation is not clear .
The functional role of the nematosome in the
trigeminal neurons remains unknown . Continuing
studies of the cells, their growth in tissue culture,
and their embryonic development (10) may pro-
vide further information of value in interpreting
he functional significance of the nematosome .
I am grateful to Dr. W. E. Koch and Dr. A. D.
Dixon for their criticism of the manuscript.
This work was supported by Public Health
Service Research Grant DE-02668 from the National
Institute of Dental Research.
Received for publication 8 June 1972, and in revised form
31 July 1972.
REFERENCES
1 . DIXON, A. D. 1963. Fine structure of nerve-cell
bodies and satellite cells in the trigeminal
ganglion. J. Dent. Res. 42 :990.
2. GRILLO, M. A. 1970. Cytoplasmic inclusions re-
sembling nucleoli in sympathetic neurons of
adult rats. J. Cell Biol. 45:100.
I Rosenbluth, J. Quoted by Grillo (2) .3. HARDIN, J. H., S. S. SPICER, and W. B. GREENE.
1969. The paranucleolar structure, accessory
body of Cajal, sex chromatin, and related
structures in nuclei of rat trigeminal neurons :
a cytochemical and ultrastructural study.
Anat. Rec. 164:403.
4. KARNOVSKY, M. J. 1965. A formaldehyde-
glutaraldehyde fixative of high osmolality for
use in electron microscopy. J. Cell Biol.
27:137A.
5. PALAY, S. L., S. M. MCGEE-RUSSELL, S. GORDON
and M. S. Grillo. 1962. Fixation of neural
tissues for electron microscopy by perfusion
with solutions of osmium tetroxide. J. Cell
Biol. 12:385.
6. PEACH, R. 1969. The existence of light and dark
cells within the trigeminal ganglion . Anat. Rec.
163:319.
7. PEACH, R. 1970. Fixative osmolality and the
fine structure of the trigeminal ganglion . J.
Dent. Res. 49 (Suppl.):210.
8. PEACH, R. 1970. A simple apparatus for vascular
perfusion of fixative for electron microscopy.
J. Dent. Res. 49 :891 .
9. PEACH, R. 1972. Fine structural features of light
and dark cells in the trigeminal ganglion of
the rat. J. Neurocytol. In press.
10. PEACH, R., and W. E. KOCH. 1971 . Fine struc-
ture of developing trigeminal ganglion in
the mouse. J. Dent. Res. 50 (Suppl.) :113.
11 . PEASE, D. C. 1964. Histological techniques for
electron microscopy . Academic Press Inc.,
New York. 2nd edition. 243.
12. PINEDA, A., D. S. MAXWELL, AND L . KRUGER.
1967. The fine structure of neurons and satel-
lite cells in the trigeminal ganglion of cat and
monkey. Am. J. Anat. 121 :461 .
13. Reynolds, E . S. 1963. The use of lead citrate at
high pH as an electron-opaque stain in elec-
tron microscopy . J. Cell Biol. 17:208.
14. TORO, I., JR., and P. RoHLICH. 1966. A new
cytoplasmic component in the trophoblast
cells of the rat and mouse. Anat. Rec. 155:385.
THE JOURNAL OF CELL BIOLOGY . VOLUME 55, 1972 . pages 721-726
	
721